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CLAIMS 



1 . Micro cellular polyhipe polymer scaffold suitable for growth of livij 
matter for biomedical applications, 
comprising a homogeneous cross linked open cellular material defined a bulk 
polymer matrix having a surface and an interface with an intemaLphase, and 
having porosity greater than 75% comprising emulsion derived pores of 
diameter in the range of 0.1 to 10,000 micron and emulsion derived pore 
interconnects of diameter in the range of up to 100 micron/wherein the scaffold 
comprises a plurality of discrete and/or interpenetratipg zones: 
at the polymer surface; 
within its bulk matrix; > 
at the interface between polymer and i]itep?i^phase; and/or 



between adjacent but distinct pores an( 



interconnects. 



characterised by form and dimension c^f pore and interconnect type within each 
zone, and location of zones whe^in adjacent or interpenetrating zones are 
distinguished by boundaries v^hich may be between or contained within 
adjacent pores and/or inten2?onnects in respective zones, whereby zones are 
suitable for regulating p^itioning and/or morphology of living matter 
comprising controUedpore sizes in the range up to 0.5 ^im, up to 300 ^m, up to 
10,000 |im, and/oyup to nm size and comprising pore interconnects in the range 
up to 100 micron, and/or approaching 500 micron 

with the pro/iso that in the case that pore type is present having size in the 
range 1 -Ao micron, at least one additional pore type is present in a range as 
hereinydefined other than 1-50 micron. 



Microcellular polyhipe polymer scaffold according to Claim 1 obtainable 
by polymerising a high intemal phase emulsion of an immiscible dispersed 
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phase in a continuous phase, wherein the dispersed phase is void or contains 
dissolved or dispersed materials, and (co)monomers, oligomers and/or ptc- 
polymers are present in the continuous phase, by means of introducing the 
dispersed phase by controlled dosing into the continuous phase with controlled 
mixing at controlled temperature and rate to achieve an emulsion of controlled 
pore size, and subsequently homogenising for controlled / period under 
controlled deformation and polymerising under controlled^ temperature and 
pressure, / 
characterised in that controlled pore size up to 0.5 u^n is obtained using very 
high deformation rate flows in which the flow is predominantly extensional and 
low emulsification temperature, pore size up tio 300 \xm is obtained using rate 
just above the critical deformation rat^ at wmch phase inversion takes place and 
high emulsification temperature, w^/farge pore size up to 10,000 |im is 
obtained through the method oi/controlled pore coalescence during 
polymerisation, and nano-pore ^^ze up to nm is obtained through solvent 
extraction after polymerisation; and in that controlled interconnect diameter up 
to 500 micron is obtained/by polymerising about a 3D network of fibres. 

3. MicrocelluJ^ polyhipe polymer scaffold according^ to Claim I or 2 
suitable for growth of living matter selected from cellsymicro-organisms such 
as bacteria^md virus and mixtures thereof / 

4. Microcellular polyhipe polymer scaffojda 1 
t(/3 comprising micro channels formed^f pores with interconnects suitable for 
providing communication and n^etration of living matter for anisotropic 
(directional) growth thereof / 
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5. Microcellular polyhipe polymer scaffold as clajalied in any of Claims 1 

to 4 wherein the walls of the micro-channels^ (bio)degradable simable for 
fusion of living matter in the (bio)degradea scaffold. / 

6. Microcellular polyhipe polym^ scaffold as claimed in ddy of Claims 1 
to 5 comprising in individual^e^es, pore and interconnect/^izes in different 
ranges, suitable for co-(tuIt^nng two orlHore types of living matter. 

7. Microcellular p^roiipe polymer scaffold as clamed in any of Claims 1 
to 6 wherein ratiojaa interconnect to pore diamdter is4n the range 0 < d/D < 0.5, 
preferably in^ range 0. 1 4d/D < 0.5 when the n^e diameter is approximately 
less th^ja:^00 micron \ / / 

8. Microcellular polyhipa polym^ scaffoid as claimed in Claim 7 
comprising extensive networks\of fflongate micro\capillaries obtainable by 
moulding about fibrous inserts oMiameter as low as jO micron, throughout the 
scaffold or zones thereof, sa)arated by the microcellular polymer wherein 
microcapillaries are suitable for blood ornttfriem supply channels, expression 
channels for living matter and seeding of living matter. 

9. Microcelhflar polyhipe polymer scaffold as clamied in any of Claims 7 
and 8 whereiiL<ne interface between a microcapillai/wall and the bulk polymer 
provides a/hin surface layer of the order of;0L5-5 micron, forming a zone 
particula/ly suited for directional (anisotropfc) growth of living matter. 

10. / Microcellular polyhipe polWier scaffold as claimed in Claim 9 as 
d^endent on Claim 3 wherein tire interface has smaller pore size than the bulk 

/polymer wherein the zone is/suitable for growth of cells forming a lining, for 
example cells lining thelHood vessels or for growing endothelial cells on the 
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interface surface. 



1 1 . Microcellular polyhipe polymer scaffold as claimed in any ofClaims 1 
to 10 comprising a module of shell and tube type or cubic/polyhedi?fc type with 
respect to direction and/or configuration of channels and/or mu^rocapillaries. 

12. Microcellular polyhipe polymer scaffold as claimecLm any of Claims 1 
to 1 1 comprising a surface coating, using coating materials introduced in situ 
during polymerisation or post polymerisation 



1 3 . Microcellular polyhipe polymer scaffol^^ claimed in any of Claims 1 
to 12 wherein polymer is selected from protefns and cellulose, polyacrylamide, 
polyvinyl in rigid or flexible famiN)Qjy(lactic acid), poly(glycolic acid), 
polycaprolactone, poly (lactide/gl^gliae) and polyacrylimide. 

14. Microcellular polyhipe po^nier^caffold as claimed in any of Claims 1 
to 13 wherein polymer compris/s resiliently deformable or elastic material or is 
rendered resiliently deformaWe or elastic and is suitable for repeated stress and 
relaxation by means of os/illatory straining of the scaffold during cell growth 
facilitating rate of cell growth. 



1 5 . Microcellulm- polyhipe polymer scaffold as claimed in any of Claims 1 
to 14 wherein /olyhipe scaffold is electrically conductive or is rendered 
electrically c)2mductive whereby it is suitable for conducting an electric current 
during cel^growth, facihtating distinguishing certain cell types and promoting 
growth^id fusion of particular cell types 



16. 



A process for the preparation of a microcellular polyhipe polymer 
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scaffold as hereinbefore defined comprising in a first stage the formation ort a 
high internal phase emulsion (HIPE) of an immiscible dispersed pha^ in a 
continuous phase, wherein the dispersed phase is void or contains di^olved or 
dispersed materials, and (co)monomers, oligomers and/or pre-prblymers are 
present in the continuous phase, by means of introducing the dispersed phase by 
controlled dosing into the continuous phase with controUed/nixing at controlled 
temperature and rate to achieve an emulsion of confroUed pore size, and 
subsequently homogenising for controlled period unoer controlled deformation 
and polymerising under controlled temperature ^d pressure. 

17. Process as claim in Claim 16 wi^^m controlled pore size of emulsions 
up to 0.5 (xm are obtained using very fcfgh Reformation rate flows, pore size up 
to 300 \im are obtained using rato^ust above the critical deformation rate at 
which phase inversion takes place, very large pore size up to 10,000 |im are 
obtained through the memod of controlled pore coalescence during 
polymerisation, and nano-pore size up to nm are obtained through solvent 
extraction after polyrrierisation. 



18. Proce^ as claimed in Claims 16 or Ju comprising co-extrusion of 
polyhipe pulsions of differing pore and int^connect sizes eg concentrically or 
side-b)j^4ide. 



10, Process as claimed in Clamis 16 to 1 8 wherein the emulsion comprises 
''aqueous and non-aqueous phases, preferably aqueous and oil. 



20. A biologically acrfve system comprising a polyhipe scaffold as defined 
in any of Claims I wl5 and living matter providing normal cell functioning 
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associated with a natural biologically active system pre^nt in the human or 
animal body, wherein living matter is selected from n^roorganisms or multiple 
cells selected from human, animal and plant cejfe, preferably selected/from 
isotropic tissue and bone cells present in cartiU^e, comea, marrow andrhe like, 
anisotropic cells such as nerve, muscle, bkrod vessel cells, of cell type selected 
from fibroblasts, chrondocytes, osteobmsts, bone marrow celb; hepatocytes, 
cardiomycytes neurons, myoblaiefts, macrophages anja microvascular 
endotheliimi cells. / / 

21. Method for growth /of multiple cells in ii polyhipe scaffold as 
hereinbefore defined in ar^y of Claims 1 to 15 comj^ising providing cells on or 
in the scaffold in a cc^oUed environment ana providing a suitable nutrient 
adapted for growtn and providing-condi^ns for growth promotion and 
positional coiytrol. 

22. Use of a biologically active 0ktSm as defined in Claim 20 as an implant 
or in association in vivo in or with the human or animal body or as a module for 
in vitro studies mimicking a^art of the human or animal body or for use in a 
growth environment, for example for the growth of organ cells in the cell side of 
the module in order to /Stimulate organs. 

23. An organ j^pport module comprising^ cubic or polyhedric module of 
closely interwoven but not interconnectiiig channels immersed in a polyhipe 
scaffold asjdefined in any of Claims^o 15 suited for growth of specific organ 
cells in mc polyhipe and/or the^annels, wherein cells are optionally in contact 
with /a specific microrfmnnel and all cells are capable of intercell 
communication. 
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24. A method for manufacturing an organ support module as defined in 
Claim 23 comprising providing a polyhipe emulsion, providing a mould 
including inserts such as rods or fine fibres, pumping polyhipe emulsion 
optional filler into the mould about the inserts and polymerising, /With 
subsequent removal of inserts and optional filler to provide p^es and 
interconnects, microcapillaries and nano pores in desired config 

25. The use of a polyhipe scaffold, a biolp^cally acti^^ system, or organ 
support module as defined in any o|>C!laims 1 to iX 20 and 23 for the 
manufacture of contact lenses,,^ntal fiffiitss, cQcJnlea implants, vascular 
supports including heart v^Kes and cardiac pac{i;;«iakers and drug delivery skin 
patches. 




